Abstract -To assess if ethyl alcohol (ethanol) causes a reduction in the set-point for control of body temperature, behavioral thermoregulatory responses in the Fischer rat were measured following a single oral administration of ethanol. In a preliminary study, five rats were given 3.0 g/kg ethanol dissolved in saline (20%; v/v) by gavage and placed in a longitudinal temperature gradient for 2 hr. The temperature gradient permitted the rats to behaviorally thermoregulate (i.e. select a thermal preferendum). The selected ambient temperature (T o ) in the temperature gradient was notably lower during the initial and final stages of the test period when compared to the response of rats administered similar volumes of saline. Colonic temperature upon removal from the gradient was approximately 1.0°C below that of the saline-treated animals. In a followup study, rats were placed in the temperature gradient for 1 hr for accommodation purposes. The rats were then gavaged with 0,1.0 or 3.0 g/kg ethanol and placed back in the gradient for another 2 hr. Selected T a was significantly reduced in the 3.0 g/kg group during the second hour postethanol exposure. The 1.0 g/kg dosage had little effect on selected T a . As in the preliminary study, the colonic temperature of the rats in the follow up study given 3.0 g/kg was 1.0°C below that of the control at 2 hr post-injection. Because the 3.0 g/kg treated animals were significantly hypothermic and selected cooler T^ in the temperature gradient, it was concluded that ethanol exerted a lowering of the set-point for control of body temperature.
INTRODUCTION
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relatively cool T a while undergoing a decrease in body temperature. If, on the other hand, the substance has no effect on the set-point but merely causes a forced reduction in body temperature (e.g. through inhibiting metabolic heat production), then one would expect the treated animal to prefer warmer T a s (Gordon, 1983; Gordon et al., in press ). Studies from this laboratory using mice indicated that relatively large dosages of ethanol caused a reduction in the set-point for control of body temperature (Gordon and Stead, 1986) . One study has shown that intraperitoneal administration of ethanol in the rat had no significant effect on the preferred T a but caused a decrease in the core temperature (Spencer et al., 1984) . Clearly, there is a lack of data on the effects of ethanol on behavioral thermoregulation in rodents. Hence, the purpose of this study was to assess the effects of oral administration of ethanol on behavioral thermoregulation and body temperature in the Fischer rat.
MATERIALS AND METHODS
Animals used in this study were adult male rats of the Fischer-344 strain obtained from Charles River Laboratories. The animals were housed two to three per cage and maintained at a T a of 22°C, relative humidity of 50%, and a photoperiod of 12 hr:12 hr light:dark cycle.
A study from this laboratory found that the Fischer rat selects relatively warm T a s compared to rats of the Long-Evans and SpragueDawley strains (Gordon, 1987) . Furthermore, the Fischer rat is generally not as active in the temperature gradient and accommodates quicker to the experimental conditions. Since it was expected that ethanol would lower the selected T a , we wanted to use a strain of the rat that would normally select relatively warm T^\ hence, the Fischer rat was selected for use in this study.
Apparatus
The behavioral thermoregulatory response of the rat was determined by measuring the selected T a when placed in a temperature gradient (for details, see Gordon and Stead, 1986) . Briefly, the gradient was constructed of 1.27-cm-thick aluminum with a width of 10.3 cm, a height of 8.2 cm, and a length of 187 cm. A wire-mesh floor was placed at the bottom of the gradient to prevent urine from wetting the rats' fur. The top of the gradient was made of black Plexiglas. A temperature gradient was developed by circulating hot and cold water through opposite ends of the system. Air temperature measured 2.5 cm above the wire-mesh floor of the gradient varied from 8.3 to 35°C. Air temperature in the gradient varied by less than ± 1.0°C without a rat in the system. Movement of a rat in the gradient would obviously result in convective heat transfer but overall the temperature was quite stable. In the follow-up experiments total activity of the rat in the gradient was determined by calculating the change in position at 4 sec intervals. Thus, activity was calculated in dimensions of meters of linear movement in the gradient.
Protocol
A preliminary experiment determined the effects of a relatively large dosage of ethanol. In this study, five rats (mean weight = 314 g) were individually placed in the gradient for 2 hr on four sequential days. On the day before testing each rat was placed in the gradient with no pharmacological treatment for 2 hr while selected T a was recorded at 2.0 min intervals. At the end of the 2 hr period the colonic temperature was determined by inserting a thermocouple probe (Sensortek, model RET-3) 5 cm beyond the anal sphincter. On the first day of testing, a rat was administered 0.9% saline in a volume equivalent to that of an ethanol treatment (ca. 5-6 ml) by gavage and was then immediately placed in the temperature gradient for 2 hr. Selected T a was recorded at 2 min intervals. On the second day the rat was gavaged with 3.0 g/kg of 20% ethanol (v/v) dissolved in physiological saline. Colonic temperature was determined at the end of the 2 hr session. On the third day the rat was again gavaged with saline and placed in the gradient for 2 hr. In view of the preliminary nature of this experiment, statistical analysis of these data was limited to calculating the mean ± S.E. of selected T a and colonic temperature.
In the second experiment it was decided to only use rats (mean weight = 267 g) a single time and to allow an adequate accommodation period in the temperature gradient. It was also decided to use an additional but lower ethanol dosage of 1.0 g/kg. A rat naive to the experimental conditions was placed in the temperature gradient for 1 hr. The rat was then gavaged with either 0, 1.0, or 3.0 g/kg of 20% ethanol dissolved in physiological saline. The selected T a was then recorded every 2.0 min for an additional 2 hr. At the end of the experiment the rat was removed from the temperature gradient and its colonic temperature was determined as described above.
Statistical methods
Selected T a was averaged into three 1 hr blocks, i.e. for the hour before ethanol administration and for two 1 hr blocks after ethanol administration. A multivariate repeated measures one-way analysis of variance model was fit to the data. Given the preliminary results, the key test of interest was the interaction of the repeated factor, selected T a over time, and the ethanol concentration. Sub tests of differences between ethanol groups and the saline group were performed post hoc by comparing standardized differences with least squares means to percentiles at the appropriate /-distribution. For the latter tests no adjustment to P-values was made to account for multiple responses or tests.
RESULTS

Preliminary study
It appeared that the 3.0 g/kg ethanol treatment elicited a profound effect on behavioral thermoregulation in the Fischer rat (Fig. 1) . On day 1 the administration of saline by gavage had little effect on the selected T a . On day 2 the same rats were administered 3 g/kg of 20% ethanol which resulted in an immediate drop in selected T a which was as much as 6.0°C below that of the saline response. This was followed by a gradual elevation in selected T a reaching the level noted during saline administration. Selected T a then decreased reaching 16°C by the end of the 2 hr period. On day 3 the rats were again administered saline by gavage with a resulting insignificant effect on selected T a . Colonic temperature was notably lower following ethanol administration with a mean ± S.E. of 36.8 ± 0.4°C whereas, following saline administration, colonic administration was 37.8 ± 0.3°C for both the pre-ethanol and postethanol administration.
Follow-up study
An example of the time course of selected T a of animals allowed to accomodate to the gradient for 60 min and then administered either saline, 1.0 g/kg, or 3.0 g/kg ethanol by gavage is shown in Fig. 2 . To analyze these data for statistical significance, the selected T a data were averaged into 60 min bins (Fig. 3) . Using a simple one-sided /-test, we were able to detect a statistically significant decrease in the selected T a of the 3.0 g/kg group during the second hour after ethanol administration (P < 0.05). The use of this liberal statistical test is justified by the fact that the preliminary experiment led one to predict that the 3.0 g/kg ethanol administration would lead to a reduction in the selected T a by 2 hr post-injection. However, it should be noted that the multiple analysis of variance was unable to detect a dose-by-time interaction between the treatments. Total activity in the gradient was unaffected by ethanol administration at 1 and 2 hr post-injection.
Ethanol administration had a significant effect on colonic temperature at 3.0 but not 1.0 g/kg (Fig. 4) . Interestingly, colonic temperature in the 3.0 g/kg group was approximately 1°C below that of the controls which is similar to that obtained in the preliminary experiment. 
DISCUSSION
This study has demonstrated that ethanol administration by gavage elicits a significant effect on behavioral thermoregulation in the Fischer rat. Both the preliminary and follow up studies indicated that ethanol at 3.0 g/kg lowered the selected T a and caused a reduction in colonic temperature when measured 2 hr after ethanol administration.
Previous work in the rat was inconclusive in demonstrating significant effects of ethanol on behavioral thermoregulation. For example, Spencer et al. (1984) reported no effect of ethanol (2 or 3 g/kg; i.p.) on selected T a in the rat placed in a temperature gradient in spite of an ethanol-induced hypothermia (-1.2 to -1.7°C). The investigators did note an increased variability in the selected T a response in the temperature gradient which was also noted in the present study. Lomax etal. (1980) demonstrated that the time to escape from a heat source was significantly reduced following a 1.5 g/kg i.p. ethanol injection. Interestingly, this ethanol dosage also caused a significant reduction in body temperature. These previous studies suggest that large dosages of ethanol in the rat which promote hypothermia have either no effect on behavioral temperature preference, have a heat avoidance response, or cause a reduction in the selected T a . The latter is indicative of a reduction in the set-point for control of body temperature. The ethanol-treated rat has the option in a temperature gradient to select warmer T^ and thereby block ethanol's effect on body temperature. That one observes in the hypothermic rat a behavioral condition which results in an increased rate of heat loss to the environment suggests a central action of ethanol on the thermoregulatory centers.
Other studies in the rat support the hypothesis of a set-point lowering action of ethanol (Lomax et al., 1980 (Lomax et al., , 1981 .
The behavioral thermoregulatory response of the rat to ethanol is comparable to that of the mouse. In a recent study from this laboratory we found that a 3.0 g/kg i.p. ethanol injection led to a reduction in selected T a in the mouse which was 4.0°C below the controls at 90 min post-injection (Gordon and Stead, 1986) . The effects of ethanol were also variable in that study and, in order to show statistical significance, it was necessary to use an extremely large sample size. It should be noted that the behavioral thermoregulatory responses of the untreated mouse and rat differ considerably. The mouse prefers relatively warm T^ of 30-32°C which are associated with thermoneutrality. On the other hand, the Fischer rat prefers a much cooler T a of 24°C which is associated with a T a below thermoneutrality (Gordon, 1987) .
Total motor activity of the rat in the temperature gradient was unaffected by ethanol. On the other hand, other studies have reported an array of effects on the activity of ethanoltreated rodents (Papanicolaou and Fennessy, 1980; Kalant and Le, 1984; Gordon and Stead, 1986) . The lack of a significant effect of ethanol on motor activity may be attributable to the accommodation period prior to drug administration. That is, the control and ethanol-treated rats expended approximately 75% of their total activity during the first hour in the temperature gradient. Hence, whatever effects ethanol may have on activity in the rat were probably undetectable during the second and third hours in the gradient. In a temperature gradient one might suspect that the animal's activity could influence the selected T a response to a given chemical agent. In the case of this study we can rule out the effects of activity on the effect of ethanol on behavioral thermoregulation.
It has been shown that calcium ions within cells of the posterior hypothalamus play a vital role in controlling the thermoregulatory setpoint (Myers, 1980) . Any effect of ethanol on calcium exchange in the posterior hypothalamus could mediate a reduction in the set-point. There is now solid evidence that ethanol administration interferes with calcium transport (Ross, 1976; Erickson et al., 1978; Harris and Fenner, 1982; Hunt, 1985) . Rezvani et al. (1986) have shown that ethanol-induced hypothermia in rats can be reversed by a calcium channel blocker, indicating involvement of calcium ions in ethanol hypothermia. It has also been demonstrated that calcium ions are involved in ethanol-induced sleep time (Erickson et al., 1978; Harris, 1979) . Recently, it has been shown that local perfusion of ethanol perturbs the kinetics of calcium ion transport in the rat hippocampus (Rezvani et al., 1987) . Further, ethanol can inhibit calcium-dependent release of neurotransmitters (Carmichael and Israel, 1975) and interfere with the activity of voltage-dependent calcium channels in the brain (Harris, 1981; Rezvani et al, 1987) .
In conclusion, we've shown that rats gavaged with a relatively high 3.0 g/kg dosage of ethanol become hypothermic and select significantly cooler TflS in a temperature gradient. The behavioral response is conducive of a regulated decrease in body temperature (i.e. reduction in set-point). It is important to note that the behavioral response of the rat is extremely variable when compared to other thermoregulatory parameters such as body temperature. The unpredictable behavioral effects are most likely attributable to variations in physiological state (i.e. skin temperature, metabolic rate, etc.) as well as the diverse effects of ethanol in the CNS. Thus, future work should be directed towards further study of the interactions between the behavioral and autonomic effects of ethanol.
